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THREAD PRODUCTION DEVICE, AND
AGGREGATING PART

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a yarn producing appa-
ratus for producing carbon nanotube yarn from carbon
nanotube fibers while causing the carbon nanotube fibers to
run, and an aggregating unit applicable to the yarn producing
apparatus.

2. Description of the Related Art

A known example of a yarn producing apparatus as
described above includes holding means for aggregating
carbon nanotube fibers pulled out from a carbon nanotube
forming substrate and twisting means for twisting the carbon
nanotube fibers aggregated by the holding means (see, for

example, Japanese Patent Application Laid-Open Publica-
tion No. 2010-116632).

Japanese Patent No. 3954967 (FIG. 4) discloses spin-
nerets or nozzles for creating alignment of the suspended
nanotube arrays. The spinnerets or nozzles allow a signifi-
cant increase in the intensity of the extensional flow in the
nanotube suspension with an accompanying increase in the
degree of carbon nanotube alignment.

In the yarn producing apparatus described in Japanese
Patent Application Laid-Open Publication No. 2010-
116632, a pair of rotatable rollers 1s used as the holding
means for aggregating carbon nanotube fibers. For this
reason, for example, when the amount of carbon nanotube
fibers drawn from the carbon nanotube forming substrate
varies, the aggregation state of the carbon nanotube fibers
may become unstable, and, as a result, the strength or
appearance of the produced carbon nanotube yarn may be
insuihicient. In order to produce carbon nanotube yarn hav-
ing suilicient strength with the spinnerets or nozzles
described 1n Japanese Patent No. 3954967, the spinnerets or
nozzles have to be replaced each time depending on a

desired thickness of carbon nanotube yarn.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide a
yarn producing apparatus capable of producing carbon nano-
tube yvarn with suflicient strength and an aggregating unit
applicable to a yarn producing apparatus.

A yarn producing apparatus according to a preferred
embodiment of the present invention produces carbon nano-
tube yarn from carbon nanotube fibers while causing the
carbon nanotube fibers to run. The yarn producing apparatus
includes an aggregating unit that aggregates the carbon
nanotube fibers and a twisting unit that twists the carbon
nanotube fibers aggregated by the aggregating unit. The
agoregating unit includes an adjusting mechanism that
adjusts an aggregation state of the carbon nanotube fibers.

In this yarn producing apparatus, when the aggregating
unit aggregates the carbon nanotube fibers, the adjusting
mechanism adjusts the aggregation state of the carbon
nanotube fibers. With this unique structure, the carbon
nanotube fibers are stably aggregated, for example, even
when the amount of carbon nanotube fibers varies. A desired
tension, therefore, 1s exerted on the aggregated carbon
nanotube fibers when the twisting unit twists the carbon
nanotube fibers. This yarn producing apparatus thus pro-
duces carbon nanotube yarn with suflicient strength.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the aggregating unit
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may aggregate the carbon nanotube fibers while exerting a
force on the carbon nanotube fibers 1n a direction vertical to
a direction of the carbon nanotube fibers running. With this
unmique structure, when the aggregating unit aggregates the
carbon nanotube fibers, a resistive force 1s exerted on the
carbon nanotube fibers against the running. For this reason,
the carbon nanotube fibers are twisted densely 1n the twist-
ing unit.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the aggregating unit
may aggregate the carbon nanotube fibers while exerting the
force on the carbon nanotube fibers by causing the carbon
nanotube fibers to pass through a through hole 1n contact
with the through hole. With this unique structure, exertion of
a resistive force on the carbon nanotube fibers and aggre-
gation ol the carbon nanotube fibers are accomplished with
a simple structure.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the aggregating unit
may further include a plurality of assembly parts that define
the through hole. The adjusting mechanism may adjust the
aggregation state of the carbon nanotube fibers by adjusting
a positional relation between the assembly parts and adjust-
ing an opening area of the through hole. With this unique
structure, the magnitude of resistive force exerting on the
carbon nanotube fibers and the aggregation state of the
carbon nanotube fibers 1s able to be adjusted as desired. For
example, even when the carbon nanotube fibers clog the
through hole, the carbon nanotube fibers are easily removed
by dissembling the assembly parts.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the aggregating unit
may further include a first plate-shaped member and a
second plate-shaped member as the assembly parts, the first
plate-shaped member and the second plate-shaped member
being provided with a first notch and a second notch
respectively, the first notch and the second notch defining the
through hole. The adjusting mechanism may adjust the
opening area of the through hole by moving at least one of
the first plate-shaped member and the second plate-shaped
member and adjusting an overlapping state of the first notch
and the second notch. With this unique structure, the open-
ing area of the through hole 1s able to be adjusted easily and
reliably.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the aggregating unit
may further include a plurality of wires and a plurality of
holding pieces as the assembly parts, the wires defining the
t_’lrough hole, the holding pieces holding respective ends of
the wires. The adjusting mechanism may adjust the opening
area of the through hole by swinging each of the holding
pieces and adjusting an overlapping state of the wires. With
this unique structure, the opening area of the through hole 1s
able to be adjusted easily and reliably.

A varn producing apparatus according to a preferred
embodiment of the present invention may further include a
tensioning unit that acts on the carbon nanotube fibers
running between the aggregating unit and the twisting unit
and to apply tension to the carbon nanotube fibers to be
twisted by the twisting unit. With this unique structure,
tension at a desired value 1s able to be applied to the carbon
nanotube fibers and the carbon nanotube fibers are twisted
more densely 1n the twisting unit.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the tensioning unit
may be a pneumatic tensiomng mechanism that blows air to
the carbon nanotube fibers to exert force on the carbon
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nanotube fibers 1n a direction opposite to a direction of the
carbon nanotube fibers running. With this unique structure,
tension 1s appropriately applied to the carbon nanotube
fibers without aggregating the carbon nanotube fibers more
than necessary due to contact.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the tensioning unit
may be a gate-type tensioning mechanism that bends the
carbon nanotube fibers by using comb tooth-shaped contact
portions arranged alternately to exert a resistive force on the
running carbon nanotube fibers. With this unique structure,
tension 1s approprately applied to the carbon nanotube
fibers without aggregating the carbon nanotube fibers more
than necessary.

A varn producing apparatus according to a preferred
embodiment of the present invention may further include an
additional aggregating unit arranged between the aggregat-
ing unit and the twisting unit and that aggregates the running
carbon nanotube fibers. This unique structure causes the
carbon nanotube fibers to be aggregated step by step, so as
to significantly reduce or prevent strain on the carbon
nanotube fibers and thus disturbance 1n alignment (arrange-
ment) of the carbon nanotube fibers.

A yarn producing apparatus according to a preferred
embodiment of the present invention may further include a

substrate support that supports a carbon nanotube forming
substrate from which the carbon nanotube fibers are drawn.
With this unique structure, the carbon nanotube fibers are
stably supplied.

In a yarn producing apparatus according to a preferred
embodiment of the present invention, the twisting unit may
include a wind driving mechanism that causes a winding
shaft provided with a winding tube to rotate about the
winding centerline of the winding shatt to wind the carbon
nanotube yarn onto the winding tube, a twist driving mecha-
nism that causes a guide to rotate around the winding tube
and guide the carbon nanotube yarn to the winding tube, to
twist the carbon nanotube fibers and produce the carbon
nanotube yarn while causing the carbon nanotube fibers,
carbon nanotube yarn, or both to swirl, and a traverse driving
mechanism that causes the guide to reciprocate relative to
the winding tube along the winding centerline of the wind-
ing shatt to cause the carbon nanotube yarn to traverse the
winding tube. With this unique structure, the carbon nano-
tube fibers, carbon nanotube yarn, or both are twisted and a
balloon (the carbon nanotube fibers, carbon nanotube yarn,
or both expanding like a balloon under centrifugal force) 1s
tormed, such that the balloon appropnately absorbs tension
variations produced in the relatively less elastic carbon
nanotube fibers, and the carbon nanotube fibers are twisted
ciliciently.

An aggregating unmt according to a preferred embodiment
of the present invention, 1n a yarn producing apparatus for
producing carbon nanotube yarn from carbon nanotube
fibers while causing the carbon nanotube fibers to run,
aggregates the carbon nanotube fibers. The aggregating unit
includes an adjusting mechanism that adjusts an aggregation
state of the carbon nanotube fibers.

An aggregating umt according to a preferred embodiment
of the present invention may aggregate the carbon nanotube
fibers while exerting a force on the carbon nanotube fibers
in a direction vertical to a direction of the carbon nanotube
fibers runnming.

An aggregating unmit according to a preferred embodiment
of the present invention may aggregate the carbon nanotube
fibers while exerting the force on the carbon nanotube fibers
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by causing the carbon nanotube fibers to pass through a
through hole in contact with the through hole.
An aggregating unit according to a preferred embodiment

ol the present invention may further include a plurality of
assembly parts that define the through hole. The adjusting
mechanism may adjust the aggregation state of the carbon
nanotube fibers by adjusting a positional relation between
the assembly parts and adjusting an opening area of the
through hole.

An aggregating unit according to a preferred embodiment
of the present invention may further include a first plate-
shaped member and a second plate-shaped member as the
assembly parts, the first plate-shaped member and the sec-
ond plate-shaped member being provided with a first notch
and a second notch respectively, the first notch and the
second notch defining the through hole. The adjusting
mechanism may adjust the opening area of the through hole
by moving at least one of the first plate-shaped member and
the second plate-shaped member and adjusting an overlap-
ping state of the first notch and the second notch.

An aggregating unit according to a preferred embodiment
of the present invention may further include a plurality of
wires and a plurality of holding pieces as the assembly parts,
the wires defimng the through hole, the holding pieces
holding respective ends of the wires. The adjusting mecha-
nism may adjust the opening area of the through hole by
swinging each of the holding pieces and adjusting an over-
lapping state of the wires.

Various preferred embodiments of the present mnvention
provide a yarn producing apparatus capable of producing
carbon nanotube yarn with suflicient strength and an aggre-
gating unit applicable to the yarn producing apparatus.

The above and other elements, features, steps, character-
1stics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a yarn producing apparatus
according to a preferred embodiment of the present inven-
tion.

FIG. 2 1s a plan view of an aggregating unit in the yarn
producing apparatus in FIG. 1.

FIG. 3 1s a front view of first and second plate-shaped
members of the aggregating unit 1n FIG. 2.

FIGS. 4A and 4B are enlarged views of the main portions
of the first and second plate-shaped members 1n FIG. 3.

FIG. 5 1s a partial cross-sectional view of a twisting and
winding device 1n the yarn producing apparatus in FIG. 1.

FIG. 6 1s a perspective view ol a modification to the
aggregating unit in the yarn producing apparatus in FIG. 1.

FIG. 7 1s a front view of a modification to the aggregating
unit i the yarn producing apparatus in FIG. 1.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Preferred embodiments of the present mvention will be
described 1n details below with reference to the figures. It
should be noted that the same or corresponding elements and
portions in the figures are denoted with the same reference
signs and an overlapping description will be omuitted.

As shown 1 FIG. 1, a yarn producing apparatus 1 1s an
apparatus that produces carbon nanotube yarn (hereinafter
referred to as “CNT yarn™) Y from carbon nanotube fibers
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(hereinatter referred to as “CN'T fibers™) F while causing the
CNT fibers F to run. The yarn producing apparatus 1
includes a substrate support 2, an aggregating unit 3, a
tensioning unit 4, and a twisting and winding device (twist-
ing unit) 5. The substrate support 2, the aggregating unit 3,
the tensioning unit 4, and the twisting and winding device 5
are arranged 1n this order on a predetermined straight line L.
The CNT fibers F run from the substrate support 2 toward
the twisting and winding device 5. The CNT fibers F are a
set of a plurality of fiber threads (fibers) of carbon nanotube.
The CNT varn Y 1s the twisted (genuine-twisted or false-
twisted) CNT fibers F.

The substrate support 2 supports a carbon nanotube
forming substrate (hereinafter referred to as “CNT forming
substrate”) S from which the CNT fibers F are drawn, 1n a
state of holding the CNT forming substrate S. The CNT
forming substrate S 1s called a carbon nanotube forest or a
vertically aligned carbon nanotube structure in which high-
density and highly-oriented carbon nanotubes (for example,
single-wall carbon nanotubes, double-wall carbon nano-
tubes, or multi-wall carbon nanotubes) are formed on a
substrate by chemaical vapor deposition or any other process.
Examples of the substrate include a glass substrate, a silicon
substrate, and a metal substrate. For example, at the start of
production of the CNT yarn Y or during replacement of the
CNT forming substrates S, a tool called a microdrill can be
used to draw the CNT fibers F from the CNT forming
substrate S. In place of a microdnll, a suction device, an
adhesive tape, or any other elements or tools may be used to
draw the CNT fibers F from the CNT forming substrate S.

The aggregating unit 3 aggregates the CN'T fibers F while
exerting a force on the CNT fibers F 1n a direction vertical
to the direction of the CNT fibers F running when the CNT
fibers F drawn from the CN'T forming substrate S run toward
the twisting and winding device 5. More specifically, the
aggregating unit 3 aggregates the CNT fibers F to such an
extent that the CNT fibers F are able to be twisted 1n the
subsequent stage.

The aggregating unit 3 includes a plurality of {first plate-
shaped members 12 and a plurality of second plate-shaped
members 13 as assembly parts that define a through hole 11
that the CNT fibers F pass through in contact with the
through hole 11. The aggregating unit 3 further includes an
adjusting mechanism 10 that adjust the aggregation state of
the CNT fibers F. The adjusting mechanism 10 adjusts the
aggregation state of the CNT fibers F by adjusting the
positional relation between the first plate-shaped members
12 and the second plate-shaped members 13 and adjusting
the opening area of the through hole 11.

A plurality of (for example, two) first plate-shaped mem-
bers 12 are attached at a predetermined distance from each
other to the adjusting mechanism 10 on one side of the
predetermined line L. A plurality of (for example, three)
second plate-shaped members 13 are attached at a distance
from each other to the adjusting mechanism 10 on the other
side of the predetermined line L. As shown in FIG. 2, the
adjusting mechanism 10 advances and retreats the tip end
portion 12a of each first plate-shaped member 12 and the tip
end portion 13a of each second plate-shaped member 13
to/Tfrom the predetermined line L, so that the tip end portions
12a and the tip end portions 13a are arranged alternately on
the predetermined line L. Spacers 14 that maintain a prede-
termined distance are interposed between the adjacent first
plate-shaped members 12 and between the adjacent second
plate-shaped members 13.

As shown 1 FIG. 3, the tip end portion 12a of the first
plate-shaped member 12 1s provided with a first notch 16
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opening to the predetermined line L. The tip end portion 13a
of the second plate-shaped member 13 1s provided with a
second notch 17 opening to the predetermined line L. As
shown 1 FIGS. 4A and 4B, the region where the first notch
16 and the second notch 17 overlap each other on the
predetermined line L (for example, an oval region as shown
in FIG. 4A or a circular region as shown 1n FIG. 4B) defines
and functions as the through hole 11 that the CNT fibers F
pass through 1n contact with the through hole 11. That 1s, the
first notch 16 and the second notch 17 define the through
hole 11.

The adjusting mechanism 10 adjusts the opening area of
the through hole 11 by advancing and retreating the tip end
portion 12a of each first plate-shaped member 12 and the tip
end portion 13a of each second plate-shaped member 13
to/from the predetermined line L and adjusting the overlap-
ping state ol the first notch 16 and the second notch 17 on
the predetermined line L. With thus unique structure, the
adjusting mechanism 10 adjusts the aggregation state of the
CNT fibers F. For example, the CNT fibers F are aggregated
more densely as the opening area of the through hole 11
decreases. As the opening area of the through hole 11
decreases, the resistive force exerting on the running CNT
fibers F increases, so that the tension 1n the CNT fibers F 1s
able to be increased on the downstream side from the
aggregating unit 3.

As shown 1 FIG. 1, the tensioning unit 4 applies tension
to the CNT fibers F running between the aggregating unit 3
and the twisting and winding device 5. More specifically, the
tensioning unit 4 1s a pneumatic tensioning mechanism that
blows air to the CNT fibers F toward the upstream side in the
direction of the CNT fibers F running (hereinafter simply
referred to as “upstream side”) to exert force on the CNT
fibers F 1n the direction opposite to the direction of the CNT
fibers F running, on the downstream side in the direction of
the CNT fibers F running (hereinaiter simply referred to as
“downstream side”). The tensioming unit 4 may be a gate-
type tensioning mechanism that bends the CNT fibers F by
using comb tooth-shaped contact portions arranged alter-
nately to exert force on the CNT fibers F 1n the direction
opposite to the direction of the CNT fibers F running.
Alternatively, the tensioning unit 4 may be a disk-type
tensioning mechanism or any other tensioning mechanism.

The twisting and winding device 5 winds the produced
CNT yarn Y onto a winding tube while twisting the CNT
fibers F aggregated by the aggregating unit 3. More specifi-
cally, as shown 1n FIG. 5, the twisting and winding device
5 includes a wind driving mechanism 20 that winds the CNT
yarn Y onto a winding tube T, a twist driving mechanism 30

that twists the CNT fibers F and producing the CNT yvarn Y
while forming a balloon B of the CNT fibers F, CNT yarn Y,
or both, and a traverse driving mechamsm 40 that causes the
CNT varn Y to traverse the winding tube T.

The wind driving mechanism 20 includes a winding shaft
21 having the winding centerline on the predetermined line
L. and a wind driving motor 22 that rotates the winding shaft
21. The winding tube T 1s attached to a tip end portion 21a
that 1s the upstream end of the winding shaft 21, and 1s
removable from the winding shaft 21. A base end portion
21b that 1s the downstream end of the winding shaft 21 is
coupled to the drive shaft 22a of the wind driving motor 22
with a shaft coupling 23. The winding shaft 21 1s supported
on a frame 3a of the twisting and winding device 5 with a
bearing 24. The wind driving motor 22 is fixed to the frame
5a. The wind driving mechanism 20 as described above
winds the CNT yarn Y onto the winding tube T by driving
the wind driving motor 22 so that the winding shait 21
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provided with the winding tube T 1s rotated about the
winding centerline (that 1s, the predetermined line L).

The twist driving mechanism 30 includes a guide 31 that
guides the CNT yvarn Y to the winding tube T and a twist
driving motor 32 that rotates the guide 31 around the
winding tube T. The gmide 31 includes a tubular body 31a
surrounding the winding shait 21 and a pair of arms 315
extending on the upstream side from the body 31a. A tip end
portion that 1s the upstream end of one arm 315 includes an

insertion hole 31¢ through which the CNT yarn Y 1s inserted
to be guided to the winding tube T. The CNT varm Y to be
inserted through the insertion hole 31¢ 1s passed through a

guide ring 35 arranged on the predetermined line L 1n a state
of the CNT fibers F, CNT yarn Y, or both, and guided to the
winding tube T. The body 31a of the guide 31 1s coupled to
the drive shait 32a of the twist driving motor 32 with a
plurality of spur gears 33. The guide 31, the twist driving
motor 32, and the spur gear 33 are supported by a stage 34
attached to the frame 5a so as to be able to reciprocate along
the predetermined line L. For example, a bush defining and
functioning as a slide bearing may be disposed between the
winding shait 21 and the body 31a. The twist driving
mechanism 30 as described above twists the CN'T fibers F
and produces the CN'T yarn Y while causing the CNT fibers
F, CNT varn Y, or both to swirl on the guide ring 35 defining
and functioning as a fulcrum, by driving the twist driving
motor 32 so that the guide 31 that guides the CNT yarm Y to
the winding tube T 1s rotated around the winding tube T. The
term “the CNT fibers F, CNT vyarn Y, or both™ inclusively
means the CNT fibers F 1n a raw state, the CNT fibers F
twisted mto the CNT yarn Y, and the intermediate therebe-
tween.

The traverse driving mechanism 40 includes a ball screw
shaft 41 having the centerline parallel or substantially par-
allel to the predetermined line L, a ball screw nut 42 screwed
onto the ball screw shatt 41, and a traverse driving motor 43
that rotates the ball screw shait 41. A base end portion that
1s the downstream end of the ball screw shatt 41 1s coupled
to the drive shait 43a of the traverse driving motor 43 with
a shaft coupling 44. The ball screw nut 42 1s fixed to the
stage 34 of the twist driving mechanism 30. The traverse
driving motor 43 1s fixed to the frame 5a. The traverse
driving mechanism 40 as described above causes the CNT
yarn Y to traverse the winding tube T by driving the traverse
driving motor 43 so that the ball screw shait 41 1s rotated 1n
the positive direction and the negative direction and the twist
driving mechanism 30 reciprocates along the predetermined
line L (that 1s, the guide 31 reciprocates relative to the
winding tube T along the winding centerline of the winding,
shaft 21). In order to cause the CNT yarn Y to traverse the
winding tube T, for example, the winding tube T may
reciprocate relative to the guide 31 along the winding
centerline of the winding shait 21 as long as the guide 31 1s
able to reciprocate relative to the winding tube T along the
winding centerline of the winding shaft 21.

As described above, 1n the yarn producing apparatus 1,
when the aggregating unit 3 aggregates the CNT fibers E, the
adjusting mechanism 10 adjusts the aggregation state of the
CNT fibers F. With this umique structure, for example, even
when the amount of the CNT fibers F drawn from the CNT
forming substrate S varies, the CNT fibers F are stably
aggregated. The aggregated CNT fibers F therefore are
subjected to a desired tension when the CNT fibers F are
twisted 1n the twisting and winding device 5. The yarn
producing apparatus 1 thus produces CNT varn Y having
suflicient strength.
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More specifically, the adjusting mechanism 10 1s able to
advance and retreat the tip end portion 12a of each first
plate-shaped member 12 and the tip end portion 13a of each
second plate-shaped member 13 to/from the predetermined
line L, based on the amount of the CNT fibers F detected by
a separate sensor, such that the opening area of the through
hole 11 increases as the amount of the CNT fibers F
increases. The aggregating unit 3 may include a biasing
member such as a spring such that the tip end portion 12a of
cach first plate-shaped member 12 and the tip end portion
13a of each second plate-shaped member 13 move away
from the predetermined line L. when a force 1s exerted in the
direction vertical to the direction of the CNT fibers F
running. This unique structure prevents disorder 1n align-
ment (arrangement) of the CNT fibers F even when the
amount of the CNT fibers F abruptly increases. This unique
structure also prevents clogging of the aggregating unit 3
with the CNT fibers F and thus breakage of the CNT fibers
F.

In the varn producing apparatus 1, the aggregating unit 3

aggregates the CNT fibers F while exerting a force on the
CNT fibers F

t1n the direction vertical to the direction of the
CNT fibers F running. With this unique structure, a resistive
force 1s exerted on the CNT fibers F against the running
when the aggregating unit 3 aggregates the CN'T fibers F. For
this reason, the CNT fibers F thus are twisted densely 1n the
twisting and winding device 5.

In the varn producing apparatus 1, the aggregating unit 3
aggregates the CN'T fibers F while causing the CNT fibers F
to pass through the through hole 11 in contact with the
through hole 11 thus exerting force on the CNT fibers F 1n
the direction vertical to the direction of the CNT fibers F
running. With this unique structure, exertion of a resistive
force on the CN'T fibers F and aggregation of the CN'T fibers
F are accomplished with a simple structure.

In the yarn producing apparatus 1, the adjusting mecha-
nism 10 adjusts the aggregation state of the CNT fibers F by
adjusting the positional relation between the first plate-
shaped member 12 and the second plate-shaped member 13
and adjusting the opening area of the through hole 11. With
this unique structure, the magnitude of a resistive force
exerting on the CNT fibers F and the aggregation state of the
CNT fibers F are able to be adjusted as desired. For example,
even when the CNT fibers F clog the through hole 11, the
CNT fibers F are easily removed by increasing the distance
between the first plate-shaped members 12 and the second
plate-shaped members 13.

In the yarn producing apparatus 1, the adjusting mecha-
nism 10 adjusts the opening area of the through hole 11 by
moving the first plate-shaped member 12 and the second
plate-shaped member 13 and adjusting the overlapping state
of the first notch 16 and the second notch 17. With this
unique structure, the opening area of the through hole 11 1s
able to be adjusted easily and reliably. The adjusting mecha-
nism 10 may adjust the overlapping state of the first notch
16 and the second notch 17 by moving the first plate-shaped
member 12 or the second plate-shaped member 13.

The yarn producing apparatus 1 includes the tensioning
unmit 4 that applies tension to the CNT fibers F runmng
between the aggregating unit 3 and the twisting and winding
device 5. With thus unique structure, tension at a desired
value 1s applied to the CNT fibers F, and the CNT f{ibers F
are twisted more densely 1n the twisting and winding device
5.

In the yarn producing apparatus 1, a pneumatic tensioning,
mechanism 1s used as the tensioning unit 4. With this unique
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structure, tension 1s stably applied to the CNT fibers F
without aggregating the CNT fibers F more than necessary
due to contact.

The varn producing apparatus 1 also includes the sub-
strate support 2 that supports the CNT forming substrate S
from which the CNT fibers F are drawn. With this unique
structure, the CNT fibers F are stably supplied.

In the twisting and winding device 5 1n the yarn producing
apparatus 1, the guide 31 that guides the CNT yarn Y to the
winding tube T 1s rotated around the winding tube T, such
that the CNT fibers F are twisted and CNT vamn Y 1s
produced while causing the CNT fibers F, CNT varn Y, or
both to swirl. With this unique structure, the CNT fibers F,
CNT vyarn Y, or both swirl and a balloon B 1s formed. While
the balloon appropriately absorbs tension variations pro-
duced 1n the relatively less elastic CNT fibers F, the CNT
fibers F are twisted efliciently. In the foregoing preferred
embodiment, the CNT yvarn Y 1s produced by twisting the
CNT fibers F while forming a balloon B. Alternatively, the
CNT yvarn Y may be produced by twisting the CNT fibers F
in a condition under which no balloon B 1s formed.

Although a preferred embodiment of the present invention
has been described above, the present invention 1s not
intended to be limited to the foregoing preferred embodi-
ment. For example, the supply source of the CNT fibers F
may not be a CNT forming substrate S but may be a device
that continuously synthesizes carbon nanotubes to supply
the CNT fibers F. The twisting and winding device 5 may be
replaced by, for example, a device that gives false twist to
CNT fibers F and a device that winds the false-twisted CNT
yarn around the winding tube.

As shown 1 FIG. 6, the first plate-shaped members 12
and the second plate-shaped members 13 may be attached to
a holding piece 18 and a holding piece 19, respectively. The
holding piece 18 and the holding piece 19 swing about a line
parallel or substantially parallel to the predetermined line L.
In this case, the holding piece 18 and the holding piece 19
are swung in directions different from each other, so that the
tip end portion 12a of each first plate-shaped member 12 and
the tip end portion 13a of each second plate-shaped member
13 are able to be advanced and retreated to/from the prede-
termined line L.

As shown 1 FIG. 7, the aggregating unit 3 may include
a plurality of wires 51 and a plurality of holding pieces 52
as assembly parts that define the through hole 11 that causes
the CNT fibers F to pass through in contact with the through
hole 11. The wires 51 define the through hole 11. The
holding pieces 52 hold the respective ends of the wires 51.
The adjusting mechanism 10 may adjust the opening area of
the through hole 11 by swinging the holding pieces 52 and
thus adjusting the overlapping state of the wires 51. Also 1n
this case, the opening area of the through hole 11 1s able to
be adjusted casily and reliably. The centers about which the
holding pieces 52 are swung are arranged at regular pitches
on the same circle the center of which 1s on the predeter-
mined line L.

The yarn producing apparatus 1 may further include an
additional aggregating unit that additionally aggregates the
CNT fibers F running between the aggregating unit 3 and the
twisting and winding device 5. The additional aggregating
unit more densely aggregates the CNT {fibers F aggregated
by the aggregating unit 3 to such an extent that the CNT
fibers F are able to be twisted 1n the subsequent stage. This
unique structure causes the CNT fibers F to be aggregated
step by step thus significantly reducing or preventing strain
on the CNT fibers F and disturbance in alignment (arrange-

ment) of the CNT fibers F.
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A thin tube 1s used as the additional aggregating unit. The
thin tube 1s shaped like a circular tube having a downstream
end tapered to the downstream side. The tapered end of the
thin tube includes a through hole that the CNT fibers F pass
through in contact with the through hole. The thin tube
turther aggregates the CN'T fibers F while exertmg a resis-
tive force on the CNT fibers F against the running when the
CNT fibers F aggregated by the aggregating unit 3 run
toward the twisting and winding device 5. With this unique
structure, exertion of a resistive force on the CNT fibers F
and aggregation of the CNT fibers F are accomplished with
a simple structure.

Various preferred embodiments of the present invention
provide a yarn producing apparatus capable of producing
carbon nanotube yarn with suflicient strength and an aggre-
gating unit applicable to the yarn producing apparatus.

While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

The mmvention claimed 1s:

1. A yam producing apparatus for producing carbon
nanotube yarn from carbon nanotube fibers while causing
the carbon nanotube fibers to run, the yarm producing
apparatus comprising:

an aggregator that aggregates the carbon nanotube fibers

such that the carbon nanotube fibers are in contact with
each other; and

a twister that twists the carbon nanotube fibers aggregated

by the aggregator; wherein

the aggregator includes a first plate provided with a first

notch and a second plate provided with a second notch,
the first notch and the second notch together defining a
through hole;

the aggregator includes a biasing member that adjusts an

aggregation state of the carbon nanotube fibers by
adjusting a positional relation between the first plate
and the second plate to adjust an opening area of the
through hole.

2. The yarn producing apparatus according to claim 1,
wherein the aggregator aggregates the carbon nanotube
fibers while exerting a force on the carbon nanotube fibers
in a direction perpendicular to a direction 1n which the
carbon nanotube fibers running.

3. The yvarm producing apparatus according to claim 2,
wherein the aggregator aggregates the carbon nanotube
fibers while exerting the force on the carbon nanotube fibers
by causing the carbon nanotube fibers to pass through the
through hole in contact with the through hole.

4. The yarn producing apparatus according to claim 1,
wherein

the biasing member adjusts the opening area of the

through hole by moving at least one of the first plate
and the second plate to adjust overlapping state of the
first notch and the second notch.

5. The yarn producing apparatus according to claim 1,
further comprising a tensioner that acts on the carbon
nanotube fibers running between the aggregator and the
twister and applies tension to the carbon nanotube fibers to
be twisted by the twister.

6. The yvarn producing apparatus according to claim 3,
wherein the tensioner includes a pneumatic tensioner that
blows air to the carbon nanotube fibers to exert a force on the
carbon nanotube fibers 1n a direction opposite to a direction
in which the carbon nanotube fibers run.
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7. The yarn producing apparatus according to claim 5,
wherein the tensioner includes a gate tensioner that bends
the carbon nanotube fibers by using comb tooth-shaped
contact portions arranged alternately to exert a resistive
force on the running carbon nanotube fibers.

8. The yarn producing apparatus according to claim 1,
turther comprising an additional aggregator between the
aggregator and the twister and that aggregates the running
carbon nanotube fibers.

9. The yvarn producing apparatus according to claim 1,
turther comprising a substrate support that supports a carbon
nanotube forming substrate from which the carbon nanotube
fibers are drawn.

10. The yam producing apparatus according to claim 1,

wherein

the twister includes:

a wind driver that causes a winding shait provided with
a winding tube to rotate about a winding centerline
of the winding shaft to wind the carbon nanotube
yarn onto the winding tube;

a twist driver that causes a guide to rotate around the
winding tube and guide the carbon nanotube yarn to
the winding tube, to twist the carbon nanotube fibers
and produce the carbon nanotube yarn while causing,
the carbon nanotube fibers, the carbon nanotube
yarn, or both of the carbon nanotube fibers and the
carbon nanotube yarn, to swirl; and

a traverse driver that causes the guide to reciprocate
relative to the winding tube along the winding cen-
terline of the winding shaft to cause the carbon
nanotube yarn to traverse the winding tube.

11. The yarn producing apparatus according to claim 1,
wherein the biasing member includes a spring that adjusts
the positional relation between the first plate and the second
plate.

12. The yam producing apparatus according to claim 1,
wherein the biasing member 1ncludes a first holding piece
and a second holding piece;
the first holding piece 1s attached to the first plate;
the second holding piece 1s attached to the second plate;

and

the first holding piece and the second holding piece swing

about an axis, and in directions different from each

other, so as to adjust the positional relation between the
first plate and the second plate.

13. A yarn producing apparatus for producing carbon
nanotube yarn from carbon nanotube fibers while causing
the carbon nanotube fibers to run, the yarn producing
apparatus comprising;

an aggregator that aggregates the carbon nanotube fibers

such that the carbon nanotube fibers ae 1n contact with

each other; and

a twister that twists the carbon nanotube fibers aggregated

by the aggregator; wherein

the aggregator includes a plurality of wires and a plurality

of holding pieces, the wires defining a through hole,

and the holding pieces holding respective ends of the
wires; and
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an aggregation state ol the carbon nanotube fibers 1s
adjusted by swinging each of the holding pieces and
adjusting an overlapping state of the wires to adjust an
opening area of the through hole.

14. An aggregator, 1n a yarn producing apparatus for
producing carbon nanotube yarn from carbon nanotube
fibers while causing the carbon nanotube fibers to run, that
aggregates the carbon nanotube fibers such that the carbon
nanotube fibers are 1n contact with each other, the aggregator
comprising:

a first plate provided with a first notch and a second plate
provided with a second notch, the first notch and the
second notch together defining a through hole; and

a biasing member that adjusts an aggregation state of the
carbon nanotube fibers by adjusting a positional rela-
tion between the first plate and the second plate to
adjust an opening of the through hole.

15. The aggregator according to claim 14, wherein the
aggregator aggregates the carbon nanotube fibers while
exerting a force on the carbon nanotube fibers 1n a direction
perpendicular to a direction 1n which the carbon nanotube
fibers run.

16. The aggregator according to claim 15, wherein the
aggregator aggregates the carbon nanotube fibers while
exerting the force on the carbon nanotube fibers by causing
the carbon nanotube fibers to pass through the through hole
in contact with the through hole.

17. The aggregator according to claim 14, wherein

the biasing member adjusts the opening area of the
through hole by moving at least one of the first plate
and the second plate to adjust an overlapping state of
the first notch and the second notch.

18. The aggregator according to claim 14, wherein the
biasing member 1ncludes a spring that adjusts the positional
relation between the first plate and the second plate.

19. The aggregator according to claim 14, wherein the
biasing member includes a first holding piece and a second
holding piece;

the first holding piece 1s attached to the first plate;

the second holding piece 1s attached to the second plate;
and

the first holding piece and the second holding piece swing
about an axis, and in directions different from each
other, so as to adjust the positional relation between the
first plate and the second plate.

20. An aggregator, 1n a yarn producing apparatus for
producing carbon nanotube yarn from carbon nanotube
fibers while causing the carbon nanotube fibers to run, that
aggregates the carbon nanotube fibers such that the carbon
nanotube fibers are 1n contact with each other, the aggregator
comprising;

a plurality of wires and a plurality of holding pieces, the
wires defining a through hole, and the holding pieces
holding respective ends of the wires; wherein

an aggregation state of the carbon nanotube fibers 1s
adjusted by swinging each of the holding pieces and
adjusting an overlapping state of the wires to adjust an
opening area of the through hole.
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